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Objectives: To investigate in a prospective study the infection rate, the bacteriology and the outcome of wound infections 
following posterior spinal instrumentation in children and young adolescents during 1993-96. 
Methods: Fifty patients, who underwent spinal instrumentation because of paralytic scoliotic deformity, were followed 
by the surgeon, the clinical microbiologist and the infection control nurse. In those patients with clinical and laboratory 
findings suggesting wound infection, multiple swabs and tissue biopsies were obtained from deep within the infected 
wound and were cultured on appropriate media. Microorganisms were identified by conventional methods. 
Results: Ten of 50 patients (20%) developed early deep wound infections, most of them polymicrobial, 3-9 days after 
the operation. Coagulase-negative staphylococci (70.0%), Enterobacteriaceae (17.3%), anaerobes (5.4%) and Staphylo- 
coccus aureus (3.7%) were isolated from the wound specimens. S. epidermidis strains were the predominant isolates. 
All coagulase-negative staphylococci were multiresistant to p-lactams, aminoglycosides, fusidic acid and co-trimoxazole, 
while most of them were susceptible to rifampicin and quinolones. All wounds healed uneventfully with aggressive 
debridement and prolonged antimicrobial therapy. 
Conclusions: Postoperative wound infection is a significant complication of spinal instrumentation. Multiresistant 
coagulase-negative staphylococci are the predominant pathogens. Successful treatment includes wound debridement 
and prolonged antimicrobial therapy. 
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INTRODUCTION While wound infections after hip replacement have 
been extensively studied, wound infections following 
Posterior spinal instrumentation and fusion is an the use of other skeletal prostheses, including spinal 
accepted method of operative management of spinal instrumentation, have received less attention [2]. Addi- 
disorders. However, postoperative wound infection is a tionally, as spinal surgery continues to expand, defining 
significant complication of spinal instrumentation, as the etiology of spinal wound infections is increasingly 
the medical, economic and social costs are enormous important so that efforts can be made to reduce the 
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frequency and improve the treatment of these 
infections. 
We have prospectively followed children and 
adolescents who underwent posterior spinal fusion 
with metal instrumentation for the treatment of 
paralytic scoliosis over a 4-year period (1993-96). The 
bacteriology of wound infections, the infection rate, 
the susceptibilities of the most common isolated 
pathogens to antibiotics and the outcome of the wound 
infections were investigated. 
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MATERIALS AND METHODS 
Fifty patients (28 females and 22 males) with paralytic 
scoliosis, due to severe neuromuscular disorders (15 
myelomeningocele, 24 cerebral palsy, 10 myopathy, one 
syringomyelia), underwent posterior spinal fusions with 
ISOLA instrumentation. The ISOLA system belongs to 
the latest generation of metal constructs for stabilization 
of the spine in posterior spinal fusions. It consists of (1) 
foundations or anchors (screws for lumbar and sacral 
region and hooks for the thoracic vertebrae), (2) long 
longitudinal rods, and (3) various connectors joining 
the rods with the anchors, as well as between them- 
selves. Sublaminar wires and iliac screws or posts for 
lumbosacral fusions are also used for additional stabiliz- 
ation in selected vertebrae. The system is durable and 
withstands the various deforming forces at the initial 
stages of the fusion process. 
All patients were hospitalized 1 week before the 
operation for preoperative evaluation. They received 
antistaphylococcal prophylactic therapy by slow 
intravenous infusion of vancomycin (40 mg/kg per day) 
every 6 h. The infusion was started 2 h before the 
operation and continued over 48 h. The operative site 
was prepared with 10% povidone iodine before the 
intervention. The operative time ranged from 6 to 
12 h. The surgical team included two to three ortho- 
pedic surgeons, two anesthetists and three nurses. Each 
patient was actively followed postoperatively by the 
surgeon, the clinical microbiologist and the infection 
control nurse. Clinical details and laboratory tests were 
recorded in specially designed charts. 
Postoperative wound infection was evident by 
erythematous appearance of the skin with serous or 
purulent discharge and fever. In such cases the patient 
was taken to the operating room for exploration. Early 
deep wound infection was defined as inflammation 
with necrotic tissue below the lumbodorsal fascia, 
which occurred during the first postoperative month 
[1,2]. Swabs and tissue biopsies were obtained from 
different sites within the infected wound during 
exploration and every 2-3 days later during the clinical 
course of the infection and were submitted to the 
laboratory. Primary isolates were defined as those 
bacteria isolated from samples obtained at the first 
debridement of the infected wounds, but which could 
be repeatedly isolated in subsequent sampling. Second- 
ary isolates were defined as those bacteria isolated for 
the first time later in the course of the infection. 
Direct Gram stain, and aerobic and anaerobic 
cultures, were performed for all specimens, which were 
inoculated onto the following media: (1) Columbia 
blood agar and MacConkey agar incubated aerobically 
at 35°C for 48 h; (2) Columbia blood agar + vitamin 
K 10 mg/L+haemin 5 mg/L (CBKH) incubated anaer- 
obically for 72 h; (3) CBKH+vancomycin 7.5 mg/L+ 
kanamycin 75 mg/L incubated anaerobically for 72 h; 
(4) cooked meat broth streaked on the above media 
after 48 h and again after 7 days of incubation. 
Gram-negative aerobic bacteria were identified 
using API 20 E and API NE (bioMerieux, Lyon, 
France). Anaerobes were identified using a commerci- 
ally available system (Rapid ID 32A bioMerieux). 
Staphylococci were identified by conventional tests 
(catalase, coagulase, thermonuclease reaction) and the 
API Staph system (bioMerieux). The susceptibility of 
the isolated microorganisms to antibiotics was deter- 
mined by the Kirby-Bauer method according to the 
current recommendation of the National Committee 
for Clinical Laboratory Standards [3]. Slime production 
of the coagulase-negative staphylococci (CNS) was 
tested by the Congo red method [4]. 
RESULTS 
Ten of the 50 patients (20%) (eight females and two 
males), aged 12-17 (median 14) years, developed early 
deep wound infection 2-9 (median 3) days after the 
operation. AU 10 patients had fever, leukocytosis and 
significantly elevated erythrocyte sedimentation rate 
(ESR) (range 70-120 mm/h) and C-reactive protein 
(CRP) value (range 2-34 mg/dL). 
Wound infection lasted 30-80 (median 45) days 
and affected the duration of patients’ hospitalization, 
which was 33-86 (median 60) days. Out of a total of 
208 specimens obtained from the infected wounds, 158 
(76%) yielded 163 microbial strains. The remaining 50 
(24%) wound specimens had no growth on culture 
media. 
Overall, CNS were the predominant micro- 
organisms (70.0%) followed by Enterobacteriaceae 
Table 1 Microorganisms isolated from infected wounds 
of patients who underwent posterior spinal fusion with 
instrumentation during 1993-96 
Microorganisms No. of strains % 
Coagulase-negative staphylococci 1 14 70.0 
Enterobacter cloacae 17 
1.8 
l z  0.6 i 17’1 Proteus mirabilis 7 Escherichia coli 3 Providencia stuartii 1 
Bacteroider fiagilis 5 3.1 
Clostridiurn spp. 3 1 .8}  5.5 
Propionibacterium acnes 1 0.6 
Pseudomonas aemginosa 5 3.1 
Streptococcus spp. 1 0.6 
Staphylococcus aureus 6 3.7 
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Table 2 Primary and secondary microorganisms isolated from the infected wounds of 10 patients after spinal 
instrumentation 
Patient Primary isolates Secondary isolates 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
SNTa (14), Enterobacter cloacae (17), Pseudomonas aeruginosa (3) 
Staphylococcus epidermidis slime + (23) 
SNT” (7), Staphylococcus capitis (l), Staphylococcus epidermidis (3) ,  
Staphylococcus hominis (2) 
SNT’ (8), Staphylococcus aureus (2) 
Staphylococcus epidermidis (4) 
Staphylococcus epiderniidis slime + (15) 
Staphylococcus epidermidis (6) 
Staphylococcus epidevmidis (6), Staphylococcus hominis (3) 
Staphylococcus epidermidis slime + (9) 
Staphylococcus hominis ( 3 ) ,  Staphylococcus epidermidis (5)  
Streptococcus sp. (l), Proteus mirabilis (3) ,  Clostridium perfringens (1) 
Escherichia coli (l), Proteur mirabilis (3) 
Pseudomonas aeruginosa (2), Escherichia coli ( 2 ) ,  Proteus mirabilis (1), 
Providencia stuartii (1) 
Staphylococcus capitis (l) ,  Staphylococcus hominis (2) 
Propionibacterium acnes (l), BacteroidesfraRilis (9, Clostridium spp. (2), 
Staphylococrus aureus (2) 
Staphylococcus warneri (1) 
Staphylococcus cohnii (l), Staphylococcus aureus (2) 
a Staphylococci, coagulase negative, not typeable. Number of isolates is shown in parentheses. 
Table 3 Susceptibilities to antibiotics of coagulase- 
negative staphylococci isolated from postoperative wound 
infections after spinal instrumentation 
Antibiotics Resistance % 
Penicillin 
Oxacillin 
Erythromycin 
Clindamycin 
Gentamicin 
Co-trimoxazole 
Rifampin 
Fusidic acid 
Ciprofloxacin 
Vancomycin 
83 
52 
46 
29 
50 
46 
16 
37 
4 
0 
(17.3%), anaerobes (5.4%) and Staphylococcus aureus 
(3.7%) (Table 1). Staphylococcus epidermidis isolates were 
the most common species (62.3%), while Staphylococcus 
horninis, Staphylococcus Lapitis, Staphylococcus warneri and 
Staphylococcus cohvlii were only 12% of the isolated CNS. 
Moreover, 25.5% of CNS were not further identifiable 
by conventional methods (Table 2). Most of the isolated 
CNS strains were primary isolates, while anaerobes and 
most of the Gram-negative bacteria were secondary 
isolates. Three of 10 patients developed deep wound 
infection with serous discharge caused exclusively by 
Staphylococcus epidermidis slime-producing strains (SPS) 
(Table 2). The remaining seven patients developed 
polymicrobial wound infections, three of them with 
different species of staphylococci and four with cocci, 
Gram-negative bacteria and anaerobes (Table 2). When 
multiple isolates from each patient were excluded, most 
of the CNS were resistant to penicillin and half of them 
were resistant to oxacillin, gentamicin, and co-trimoxa- 
zole (Table 3). There was remarkable resistance to 
erythromycin and clindamycin, but low resistance to 
rifampicin and ciprofloxacin. All CNS were susceptible 
to vancomycin. 
All wound infections were treated successfully 
without hardware removal by aggressive surgical 
debridement and prolonged (3-12 months) anti- 
microbial therapy, according to the in vitro 
susceptibilities of the responsible pathogens. Daily 
measurement of C R P  was the most useful test for 
monitoring treatment. 
DISCUSSION 
Infections of a skeletal prosthesis are classified as early 
(acute) or late infections. Early infections are those that 
occur during the first postoperative month, and are 
subdivided into superficial, involving the dermis and 
subcutaneous tissues, and deep, which develop below 
the lumbodorsal fascia [1,2]. 
The diagnosis of deep wound infections is difficult 
and usually delayed. Massie et al [l] noted an average 
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delay of 15 (range 4-48) days between surgery and the 
diagnosis of deep wound infections in 22 patients who 
underwent posterior lumbar spine surgery. In our study, 
an early diagnosis of wound infections was made with 
an average time of 3 days after spinal instrumentation. 
Studies on the etiology of early deep wound 
infections following lumbar fusions with instrumen- 
tation have implicated Staphylococcus aureus as the most 
common isolated pathogen [I ,5]. Low-virulence skin 
flora, particularly Propionibacterium acnes, Staphylococcus 
epidermidis and diphtheroids, were responsible for 
delayed wound infections [6,7]. In our study, CNS 
were the most common microorganisms isolated from 
all infected wounds, and Staphylococcus epidermidis was 
the predominant species. Moreover, Staphylococcus 
epidermidir slime-producing strains in pure culture were 
isolated repeatedly fiom three patients with persistent 
wound infections. This observation is in agreement 
with clinical studies suggesting a link between the 
production of slime and the persistence of infection [8].  
Slime, a biofdm of polysaccharide-rich extra- 
cellular material (glycocalyx), protects the micro- 
organisms from host-cell defenses and from the action 
of antibiotics [9]. Christensen et al found that 63% of 
CNS pathogenic strains were slime producers, which is 
consistent with our results [lo]. It has not been estab- 
lished that the Staphylococcus epidermidis strains isolated 
from each patient were identical, as molecular typing 
methods were not used in our study. 
In agreement with previous reports, most of our 
patients developed polymicrobial infections [1,5]. 
Sources of microorganisms contaminating the wounds 
were not investigated, but bacteria may arise from the 
patients’ own skin flora, operating room environment 
and team members. The most likely time ofinoculation 
of the wound is during surgery [l 13. However, Ritter 
[12] has suggested that enteric microorganisms are not 
usually transmitted at the time of operation, but rather 
postoperatively. Fecal flora is particularly abundant in 
the perineum and may enter the surgical site, especially 
when incisions extend over the sacrum. Our patients 
with polymicrobial infections containing Entero- 
bacteriaceae and anaerobes, as primary or mostly 
secondary pathogens, had long surgical incisions 
extended to the sacral area and were incontinent 
because of severe neuromuscular disorders. 
Infection rate after spinal instrumentation is 
reported at a range of 2-20% [13-181. However, a low 
infection rate (2%) has been found as a complication of 
instrumentation for the treatment of spinal fractures 
[13], while instrumentation for the treatment of 
scoliosis has a much higher infection rate [14,18]. In 
our study, the high infection rate (20%) could be 
explained by the following predisposing factors. First, 
the orthopedic implants used contained a substantial 
amount of hardware and induced vulnerability to 
infection. Host defenses in the vicinity of the prosthesis 
are impaired, and, therefore, contaminating micro- 
organisms cannot be removed by opsonization and 
phagocytosis [19]. Second, the long operation time for 
spinal instrumentation (more than 5 h) in a con- 
ventionally ventilated theater carried an increased risk 
for infection [1,20]. Third, the large size ofthe surgical 
team (seven to eight members per operation) added 
another risk of airborne contamination [21]. Fourth, 
our patients had severe neuromuscular disorders and 
were malnourished, which may predispose to 
postoperative wound infections [22]. Finally, the 
prolonged preoperative hospitalization of our patients 
was an additional risk factor for postoperative wound 
infection [l]. 
All our patients had a successful outcome, as the 
spinal curve correction obtained remained satisfactory 
and the wound infection was eradicated without 
hardware removal. This was achieved by early diagnosis 
of the infection, aggressive debridement and prolonged 
antimicrobial therapy. The most common pathogens 
isolated were CNS multiresistant to p-lactams, amino- 
glycosides, co-trimoxazole and fusidic acid. Although 
all the isolated CNS strains were sensitive to vanco- 
mycin, it did not prove to be optimal for therapy. 
Treatment of deep-seated infections caused by 
staphylococci frequently required parallel administra- 
tion with vancomycin of other antimicrobial agents 
such as aminoglycosides or rifampicin [23,24]. 
In our study, rifampicin combined with a glyco- 
peptide, a p-lactam or a quinolone was the most effec- 
tive antimicrobial regimen for CNS wound infections. 
This was suggested from the clinical symptoms (fever, 
wound discharge) and the laboratory findings (white 
blood cell counts, ESR, CRP). The CRP level was 
the most useful rapid test for the infection process and 
for monitoring treatment [25]. Postoperative wound 
infections remain a significant complication of spinal 
instrumentation. The knowledge of the microbiology 
and epidemiology of these infections will lead to more 
effective control and prevention. 
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